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MONCM^IAMETERWELLBORE CASING 
Cross Rsferenbe To Related Applicafions 
This application is a continuation-in-part of U.S. utility appHcaiion serial number 
09/454.139, attorney docket nicmt)er 25791.3.02. filed on 12^1999, which dalmad the 

S t)sneflt of the fliing data of U.S. provisional patent appication serial numlier 

60/111.293. attorney docket number 25791.3, filed on 12/7/1998. the disclosures of 
which are incorporated herein by rafarence. 

This applicatton Is related to tha fbllowing: (1) U.S. pa^t applicatkm serial no. 
09/454,139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 

10 appli(atlon serial no. 09/510,913, attontey docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent application serial no. 08/502.350, attorney docket no. 25791 .8.02, filed 
on 2/10/^. (4) U.S. patisnt application serial no. 09/^,338, attorney docket no. 
25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 09/523.460, 
attorney docket no. 25791 .1 1 -02, filed on 3/10/2000, (6) U.S. patent application serial 

15 no. 08/512,895. attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
applbatton serial no. 09/51 1 ,941 , attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,846, attonney docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent appllcatksn serial no. 09/559,122, attorney docket no. 
25791.23.02, filed on 4/28/2000, (10) PCT patent applkalton serial no. 

20 PCT/USOO/18635, attorney docket no. 25791 .25.02, filed on 7/9/2000, (11)U.S. . 
provisional patent appHcatkm serial na 60/162,671 , attorney docket no. 25791 .27. filed 
on 11/1/1999, (12) U.S. provlsgonal patent applicatton serial no. 60/154.047, attorney 
dock^ no. 25791.29, filed on 8/16/1999, (13) U.S. provlstonai patent applteation serial 
no. 60/159,082. aUomsy docket no. 25791 .34. filed on 10/12/1999. (14) U.S. 

25 pravisiional patent applteatlon serial no. 60/159,039, sittoni^ docket no. 25791.^, filed 
on 10/12/19^. (15) U.S. pravi8k>nal patent application serial no. 60/159,033, attorney 
docket no. 25791 .37, filed on 10/1 2/1 i999. (16) U.S. provistonal patent applicatton serial 
no. 60/212,359, attorney docket no. 25791 .38. filed on 6/19/2000, (17) U.S. provisional 
patent applicatton serial no. 60/165.228. atttmiey docket no. 25791.39, filed on 

30 1 1/12/199S, (18) U.S. provisional patent application serial no. 60/221 .443, attorney 
docket no. 25791.45, filed on 7/28/2000. (19) U.S. provisional patent application serial 
no. 80/221,645, attorney docket no. 25791.48, filed on 7/28/2000. (20) U.S. provisional 
patent application serial no. 60/233.638, attonney docket no. 23791 .47, filed on 
B/18/20QO, (21) U.S. provistonal patent application serial no. 60/237,334. attoimey 

35 docket na 25791 .48, filed on 1 0/2/2000, and (22) U.S. provisional patent applicatton 
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serial no. 60/262,434. attomsy docket no. 25791.51. filed on 1/17/2001. the disclosures 
of which are InooTporated herein by reference. 

Background of the Invention 
This invention relates generally to v«^elR)ore casings, and In particular to vvellbore 

5 casings that are 1bnnn»d using expandable tid»ng. 

Conventionally, when a wellbiDre is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole wall and to prevent undesirad cnjtflow 
of drilling flukl into the foTmatton or Inftow of fluid from the fomiatkDn into the borehole. 
The borehole is drills in intervals whereby a casing which is to be instaiDed lin a lo^r 

10 borehole Interval is lowered through a prevk)usly Installed castrtg of an upper borehole 
interval. As a consequenoe of this procedure the (^ing of the lower interval is of 
smaller diameter than the casing of the upper Interval. Thus, ttie casings are in a 
nested anangement with casing diameters decri^sing in downward direction. Cement 
annul! are provkjed between the outer surface of the risings and the borehole wall to 

15 seal the casings from the borehde wall. As a a>nsec||uenos of this nest^ arrangement 
a relatively large borehole diameter is required at the upper part of the wellbora. Sudi 
a large boreho!e diameter involves increased costs due to heavy casbfig handling 
equipment, large drill bits and Increased volunres of drtDIng fluid and drjll cuttings. 
IMoreover, increased drilling rig time is involved due to require cement pumping, 

20 cement hardening, required equipmmt changes due to large variations in t^ole 

diameters drilled In the course of the wen, and the large volume of cuttings drilled and 
rentoved. 

The present inventton Is directed to overcoming one or more of the limitatkms of 
the existing preoedures for fbnrtng new secffions of casing in a vs^inbore. 
25 Sumrrary of the Invention 

According to one aspect of the present inversion, an apparatus for fonming a 
wellbore casing In a borehole lot^ted in a subterranean fiomnaltk)n including a 
presxisting wellbone caslrtg is provMed tt^ includes a support member irnduding a first 
fluid passage, an expansion cone coupled to the support m;ember IrKtuding a second 
30 fluid passage fiuklDdy coupled to the first fluki passage, an expandable tubular liner 
movabty coupled tb the expanston cone, and ah expandable shoe coupled to the 
expandable tubular liner. 

Aooonding to another aspect of the present invention, a shoe is provided that 
includes an upper annular portion, an intermediate anrwilar portion, and a lower annuter 
35 portion. The intenmsdiate anriuter portion has an outer drcunrrfisrmoe that lis larger 
than the cuter drcumfisrenGBs of the upper and lower annuter por^ 
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According to another aspect of the present invention, a method of fbmiing a 
vvailbore casing In a subterranean formation having a preerasting wellbora casing 
poslUqned in a borehole is provided that Includes installing a tubular liner, an expansion 
oone» and a shoe In the borehole, radtedly expanding at least a portion of the shoe by 
5 Injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular lin^r by injecting a fluidic material into the borehole below the expansion cone. 

According to another aspect of the present invention, an apparatus for forming 
a vifallbora ming in a suobterranean fcrmatton having a preexisting wsllbore casing 
positioned in a bomhole is provided that includes means for installing a tubular liner, an 
10 expansion cons, and a shoe iin the borehole, imeans for radialty expanding at least a 
portion of the sitoe, and means for radiaOiy expanding at least a portioh of the tubular 
liner. 

According to another aspect of the present inventton, an apparatus for fomiing 
a v^llbors casing within a subterranean forvnation induding a preexisting walibors 

1 5 ras^ petitioned in a borehole is provided that includes a tubular liner, and nxeans for 
radially expand(?ig and coupling the tubidar liner to an overlapping portion of the 
prsexistins v^llbonSi casing. The inside dteimster of the radially expanded tubular Uner 
is subslantiaQy equal to the inside diameter of a non-overlapping portion of the 
preexistins v^lbore casing. 

20 According to another aspect cf the present Invention, a wellborec^^ 

positioned in a borehole ^In a subterranean fbrTraition is provided that Includes a first 
\»eilbore casing, and a second weHbore casing coupled to and overtaippir^ with the first 
wellbore casing. The second wellbore casing is coupled to the first wallbons casing by 
the process tit. installing the second wellbqre rasing, an exparision oons, and a shoe In 

25 the borshole, radially expanding at least a portion off the shoe by iri{eclbtg a fluidic 
imit^ai into the shoe, and radially expanding at least a portton of the second wellbore 
casing by Injectir^ a fluidic material Into the boretDole bsto^ thQ Qxpanston cone. 

According to another aspect of the present Invention, a method of fomning a 
tubular stn^re in a subterranean fonnatton havirtg a preexislSng tubular member 

30 positbnsd In a borshoSe is provided that incSudes installing a tubular liner, an expansion 
cone, and a shoe in the tx>rehole, rad^liy expamidllng at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular Rner by injecting a fluMIc material into the borehole below the expansion cone. 
According to another aspect of the present Invention, an apparatus for fomiing 

35 a tubulsf structure In a subterranean formation having a preexistlr^ tubular member 
positton^ in a borehole t& provided that includes means for instsding a tubutar On^, an 
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e}cpansion oone, and a sho8 in the borehole, means for rad^ly expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to arnvther aspect of the present Invention, an apparatus for fonming 
5 a tubular stnjctyra within a subterranean fbmiation Including a preexistihg tubuteir 
member petitioned In a borehole is provided that includes a tubular liner and means for 
radially expanding and coupling the tubular liner to an overiapping portion of the 
preexisting tubular member. The Inside diameter of the radially expanded tubular liner 
is substantially ^ual to the inside diameter of a non-overlapping portion of the 
10 prsexisting tubular menr^r. 

Acoording to anoither aspect of the present invention, a tubular structure 
posittoned ^ a borehole vMri a subterranean ^3irmation is provided that includes a first 
tubular member and a second tubular rrtember coupled to and overlapping with the first 
tubular mer)rd>ar. The second tubular mentber is coupled to the first tubuteir member by 
15 the process of: installing the second tubular member, an expansion cone, and a shoe 
In the borehole, radially exparKllrtg at least a portion of the shoe by injee^ng a fiuidic 
material into the stoe, and radially i^tpandlng at (east a portton of the second tubidar 
msnrritor by injedir^ a fluidic nnaterllal into the bonshole below the expansion cone. 

Brief Description of. the Drawings 
20 FIG. 1 is a fragmentary cross»secUonal view illustrating the drilling of a xmi 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view IliustrBting the placement of an 
embodiment of an apparatus for craaUng a nrtono-dlanr^ter wellbors casing within the 
new secdon of the well borehole of FiG. 1 . 
25 FIG. 2a is a croes-secUonal view of a portion of the shoe of the apparel 

FIG. 2. 

FIG. 2b is a crass-sectional view of another portion of the shoe of the apparatus 
of FIG. 2, 

FIG. 2c is a cros&^ectio7\^l view of artother portion of the shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d is a cross-sectional vi!ew of an)08her portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectloTial view of a portiooi off the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a firagmsntary cross-sectional viaw illuslFating the Injection of a 
hardenabiG fluldic sealing material throi^h the apparatus and Into the new section of 
the well borehole of FIG. 2. 

FIG. 3a is a cross-secOonal viewof a portion of the shoe of the appiaratus of 

5 FIG. 3. 

FIG. Sbisacross-swtionalviewof aporttonoftheshoeoftheapparatusof 
FIG. 3a. 

FDG. 4 is a firagmantary cr^s-sectional vis^ illustrating the injection of a fluidic 
matertel into the apparatus of FIG. 3 in order to fluldldy isoSate the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FDG. 4b is.a cross-soctional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FDG. 5 is a cross-sectional view illustrating the radial expansion of the shra of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the tou^g of the e»pandablo 
expansion oone Into tha radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illuatrating the expansion of the eixpandabie 
expansion oort® of the apparatus of FIG. 6. 
20 FIG. Slaacrosa-se^ralvSewBhistratlngtheirijectton 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 8 is a crras-seciionai viewillustratirQ the completion (tf the radial 
expansion of the expandable tubular member of the apparatw of FIG. B. 

FIG. 10 is a cross-sectional view illustrating the removal of the MSam portion of 
25 the radialDy expanded shoe of the apparatus of FDG. 9. 

FOG. 1 1 is a cross-sectional view ilDustrBiltjng the formation of a mono-diamater 
t^^lllbore raising that includes a plurality of overlapping mono^iameter weIltK)re 
casings. 

FIG. 1 2 is a firagmentary OT)SS-3ectionai view lllustraflng the plaosment of an 
30 alterrtiath^ embodiment of an apparatus for orsatkig a morto-diamet^. wellbons rising 
\sf5tlhin th© ^llbore of FDG. 1 . 

FIG. 12a is a crossrsecttonal view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b is a cross-sectbnal view of a portion QiT the shoe of the apparatus o? 
35 FIG. 12. 
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FIG. 12c is a ooss-secUonal view of another portion of tha shoa of tlie 
apparatus of FIG. 12. 

FIG. 12d Is a crosa-sactional view or another portton of the shoa of t^ 
apparatus of FIG. 12. 

5 FIG. 1 3 is a fragmentary cross^ectipnal vtovif lllustratir^ the injection of a 

hardenat)l3 fluEdic sealing material through the apparatus and into tha rmf section of 
ttie well borehole of FIG. 12. 

FIG. 13a Is a cross<-sedtonal view of a portion of the shoe of the apparatus of 
FIG. 13. 

10 FIG. 14 is a frs^menitary cross-sectional view illustrating the Injection of a fluidllc 

material into the apparatus of FIG. 1 3 in ordler to fluididy isolate the interior of the shoe. 

FIG. 14a is a cross-secfior^al view of a portion of the shoe of the apparatus df 
FIG. 14. 

FIG. 15 is a cross-sectional view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

HG. 16 is a cross-secUonal view illustrating the lomring of the expandable 
expend cone bito the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 Is a cross-s®ctionai view illustrating the expansion of the expandable 
expansion cone of the appsunatus of FIG. 16. 
20 FIG. 18 is a cross-secHonal view illustrating the Infection offluidlc material Into 

the radially expanded shoe of the apparatus of FiG. 17. 

FIG. 19 is a cross-secttonai view Illustrating the completion of the radial 
expansion of the expandalste tubular member of the apparatus of FIG. 1 8. 

FIG. 20 is a cross-secHjonai view illustrating the removal of the tx^ttom pc^on of 
25 the radSaUy expanded shoe df the apparatus of FIQ. 19. 

Detailed Description of the IDIustrative Embodiofnents 
Reiferring initially to FIGS. 1 , 2. 2a, 2b. 2c 2d, 2e. 3, 3a, 3b, 4, 4a, 4b, and 5- 
10, an sm&odimsnt q5 an apparatus and method for formirtg a mono-diameter v^llbo.re 
ming v^thln a subterranes^n fomtatton will now b3 described. As ollustrat^ in Fig. 1 , a 
30 \;^illbc7e 100 is positioned in a subterranean formation 105, The weiiboTe 100 indudes 
a pre-exist^ ^sed sectbn 110 having a tubular casing 115 and an annubr outer 
layer 120 of a fluidic sealing materlial such as, ftxr exarnple, cement. The wellbore 100 
m®y be positioned In any orientation from vertical to horisontal. in several altemath^ 
embodhtsnis, the pre-existing cased section I1 10 does nsdt include the annular outer 
35 layer 120. 
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In orddr to extsind thd mUbore 100 into the subterranoan fbnration 105, a drill 
string 125 is used in a well known manner to drill out material from the sutrterranaan 
formation 105 to form a now mlllx)re8ectkm 13^^ In a pnafened embodiment the 
inside diameter of the new v^ibore section 1 30 is greater than the inside diameter of 
5 the preexisting mliboTe casing 115. 

As IDIustirsited in FIGS. 2, 2a, 2b, 2g, 2d» and 2e, an apparatus 200 for ftmning a 
wellbore casing in a subterranean formation Is then positioned in the new section 130 
of the v^llbone 1 DO. The apparatus 200 prefisrably faridudes an expansion oone 205 
having a fluid passage 205a tt^t supports a tubular member 210 that Includes a bwer 
10 portion 210a, an intermediate portion 210b, an upper portion 210c ertd an upper er)d 
portion 210d. 

The expansion cone 205 may be any number of ronventional oxnmerciaHy 
available expansion oonos. Dn several altemattve embodiments, the expanston cone 
205 may be oontroll^bly expandable In the radial direction, for @xampl®, as disclosed in 

13 U.S. patent nbs. 5,348,095, and/or 6,012,523, the disdosurss of which are 
inoorporsted herein by rsferenos. 

The tubuter memlier 210 may be ftibrlcaied from my number o7 conventional 
oommerdaity available materiats such as, for example, Oilfield Country Tubular Gootb 
(OCTG), 13 dhromlum steel tubing/rasing, or plastic tubing/casir^. In a prefmed 

20 embodinnent, the tubular member 210 is fobrirated from 0CT6 in orderto maximisa 
strer^th after expansion. In several alternative embodiments, the tubular member 210 
may be solid and/or slotted. For typical tubular member 210 msteriais, the length of 
the tubular member 210 is preferably limited to between about 40 to 20,0(K> feet In 
lertgth. 

25 The lov%;ar portion 210a of the tubular nrts^ 

Inside dianiieter than the upps^ portion 210c the tubular n^mbs^. Ina prsfened 
embodiment, tho m&i thidtrtess of the intermediate portion 210b of the tubular merinber 
201 is teas than the \m\l thickness of thQ upp^ir portion 21 Oc of the tubular member in 
order to fadUtate the IniO^stion of the rad^l expansion proosss. On a pr@f@ntsd 

30 embodlrnent, the upper ertd portton210d of (the ti^ullarn^^ 

perforated, or otherv^fise modified to caitch or sIg^ do^ the expansion 0^.205 wt^n 
it oomptetes the extrusion of tubidar member 210. In a preferred embodiment, \;^DI 
thidcness of the upper end portion 210d of the tubular member 210 is gradually tapered 
in OTder to gradually reduce the racgidred radial expansion forces during the latter 

35 stages of the rsdted expansion process. In thte msinrter. shodt loading conditions 
during the latter stages of the radial expansion process are at least mlirrimlzed. 
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Ashoe215tea>upledtotheki»»rporSon210aofthe^^ The 
stod 215 indudes an upper porUon 215a, an interrrodi^^ 
portton 21 5c having a valveabie Mi passage 220 that is prsfiarably adapted to receive 
a plug, dart or other simdar element for oontroliably sealing the fluid passage 220. In 
this manner, the flutd passage 220 may be optimailly sealed off by Introducing a plug, 
dart and/or ball seating elements Into the passage 220. 

The upper and \amr porttons, 21 5a and 21 5c of the shoe 21 5 are preferably 
substanttsilly tubular, and the intermediaie portbn 215b of the shoe is preferably at 
least partially folded Inwardly. Furthermore, in a prsferr^ erhbodiment, when the 
int©f7n@dl®t® portion 215b of the shoe 215 unfolded by the application of fluid 
pressure to the interior regton 230 of the shoe, the inscde and outside diamet^ of the 
Intermediate portion are prefierably both greater than the inside ar^ outstde diameters 
of the upper and tow^er porttons, 21 5a and 21 5a In this manner, the outer 
drcumi^nence of the intermediate portion 21 5b of the shoe 21 5 Is preferably greater 
than the outside droumfisrences of the upper and lower portions, 21Sa and 215b. of the 
shoe. 

In a prefoirred embodlnnent, the shoe 215 ftffther includes one or more through 
and stde outtet ports In fluldie oommuntcation with the fluid passage 220. In this 
manner, the shoe 215 optimaily hj®cts hardenable fluidic sealing materiai Into the 
region outside the shoe 21 5 and tubular member 210. 

In an alterrustiv® errti^ediment, the flow pesssge 220 is omitted. 

A support member 225 having fluid passes 225a and 225b is coupled to the 
expansion oone 205 for supporting the apparatus 200. The fluid passage 225a is 
preferably fDuIdlciy coupled to the fluid passage 205a. in thi& manner, fiu^ic materials 
may oonveyed to and from the rt^ion 230 belo^ the e)tpansimi ran® 205 and Bbo\m 
the bottom of the shoe 21 5. The fluid passage 225b is preTierably fluididy coupled to 
the fluid passag;® 225a and Includes a conventional control valve, in this marnier, 
during pllaoement of the apparatus 200 within ^ wellbo(re 100, surge pressures can be 
rsOieved by the fluid passage 22^. In a prsfernnd embodirvtent, the suppx^ member 
225 further includes one or mm conventtonal osntralSsers (not illustrated) to h<^ 
stabill^ th® apparatus 200. 

During pHaoement of the apparatus 200 within the welbora 100, the fluid 
passage 225a Is preferably seledted to transport mfiterlals such as, fbr ^cample, drflling 
mud or fbrrviation fluids at flow rates artd pressurtes rar^lng from about 0 to 3,000 
gallons/mlniute artd 0 to 9,000 pal In OTder to mlniniiize drag on the tubular member 
being nm and to mlnlnrrise surge pressures enerlled on the wellbore 130 which could 
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cause a toss of wallbore fluids and lead to hole collapse. During placement of the 
appsFBhis 200 )jM\\r\ the vvellbore 100, the fluid passage 22Sb is preferably selected to 
convey fluidic mat^ls at flow rates and pressures ranging from about 0 to 3,000 
galtons/ifninute and 0 to 9,000 psi in order to reduoa the drag on the apparatus 200 

5 during Insertion) into the jmi section 1 30 of the vifellbore 1 00 and to minimize surge 
pressures on the new wellbore section 1 30. 

A cup seal 235 Is ^pled to and supported by the support member 225. The 
cup seal 235 prevents foreign materiaHs from entering the interior region of the tubular 
member 210 adjaoent to the expansion cone 205. The cup seal 235 mnay be any 

10 number of conventional commercially available cup seats such as, for example, TP 
cups, or Seledfve Unjjec^ Packer (SIP) cups modiified in accordance ysMh the 
teachings of the pr^nt disclosure. In a prefemsd embodiment the cup s®al 235 is a 
SIP cup seal, available fwm Halliburton Energy Services in Dallas, TX in order to 
optimalty btocit foreign material and contain a body of lubricant In several altemative 

15 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or nrtore sealing members 240 are preferaUy coupled to and supported by 
the exterior surface ofthe iQ>per end portion 21 Od of tto The 
sealing members 240 preforably provide ah overlappiirig Joint t^et^^een the kmsr end 
portion 1 15a of the casing 1 15 and the upper end portloai 21 Od of the tubular nrtember 

20 210. The sealing members 240 may be any nunftmr of c^^ 

available seals such as, for example, lead, nubber. TeRoruor epoxy seals modifled in 
acoonJanoe vvith the teachir^s of the prssent disctosure. in a prefernsd enrtbodiment, 
the sealing members 240 are mtMed from Stratalock epoxy avaltabie from Halliburton 
Energy Services in DaHas, TX in order to optimally provide a load bearing interference 

25 flt beb^^^een the upper end portion 210d of the tubular mem3)er 21 0 and the lov^^r end 
porton 115a of the existir^ 1 15. 

In a prelerrsid ©onbodlm^nt, thQ soling m®mbef^ 240 are seieded to opti'nnaily 
prov^ a suHdent fHctional fbroa to support the expanded tubular member 210 from 
the existbig (^stng 115. In a preferred ^bodlrrtent, the firictbnal force optimalty 

30 provided by the sealing. members 240 reir^es torn about 1 ,000 to 1 ,000,000 Ibf in 
order to optimally support the expanded tubular rv^ember 21 0. 

In an alt@m©tllv® embodiment, the sealing nrtenribers 240 ar^e emitted from the 
upper end portion 21 Od of the tububr member 210, and a load bearing metal-tOHmetal 
interterenoQ (Rt is provlid<^ belhRfeen up^ 

35 toRft^er end portton 115a of the existing casing IIS by plastically deftmning and radisdiy 
®(panding the itubu9ar member into contact ^ the (^dstbig easing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interbr of the tubular member 210; In 
this manner, the extnision of the tubular rnember 21 0 off of the enparision cone 205 ie 
fetdTilatBd. The lubricant 245 may be any number c^^^^ntional oomnterdally 

5 av&ilaUe lubricants sudi as, for example, lajbriplati^chto based lubricants, oil 
based li^ricants or Clin^ 1500 Antisieza (3100). In a preferred emibodlment, the 
lubricant 245 is Climax 1500 Ant^eze (3100) availabil^ from OAmsm Lubricants and 
Equipment Co. in Houston, TX in order to optimaiiy prov^e optimum lubriration to 
feidlltate tha expanston prooess. 

10 in a pre(feirred<smbodiment, the support member 225 i 

to assembly to the remaining portions of the apparatiis 200. In this manner, the 
introduction of foTeign m^rial into the apparatus 200 is minimized. This minimizes the 
possibility of fbresgn material ctogglr^ the various flow passages and valves of the 
apparatus 200. 

15 In a prefenred embodiment, beftrre or after positioning the apparatus 2O0 within 

the neuf section 1 30 of the vt^elibore 100, a couple of mllborte volumes are circulated in 
order to ensure that no foreign materials are loceted within the weOborie KK) that might 
dog up the vartous flow passages and valves ctf the opparatus 200 and to ensure that 
no foreign mats^l interferes \flrith the expant^^ 

20 As Illustrated in FIGS. 2 and 2e, in a preferred emisodinrtent, during plaosment 

of the apparatus 200 witMn the vt^sOboire 100, fluidic nnaterials 250 within the weilbore 
ttet are dlsplaoed by the apparatus are at least parttelly conveyed through the ftuid 
passages 220, 20Sa, 225a, and 225b. In tMs manner, sisrge pressures created by the 
piacsiment of the apparatus within the v^llbo:re 100 aine reduced. 

25 As illusSrated in FiGS. 3, 3a, and 3b, the fiuSd passage 225b is then dosed and 

a hardenabie Duidic sealing material 255 is then pumped from a surface location into 
the fluid pas^®s 225a and 205a. The material 255 then passes from the fluEd . 
passage 205a Into the interior region 230 of the shoe 215 below the expansion »ne 
205. The materllall 255 then passes from the Interior rsglon 230 into the fluid passage 

30 220. The material! 255 then e)dts the apparatus 200 and fills an annular region 260 
betK^^een the exMor of the tubular memb^ 21 0 and the. Interior wail dT the new secUon 
130 of the ^Hbore 100. ConiHnued pumping of the material 255 rauees the material to 
fill up at least a portion o{ the annubr region 260. 

The matxerial 255 is prsfisarably pumped into the annular region 260 at pressures 

35 arid fto^ rates rangir^, for example, fl^ 

gdlons/min. respedivelly. The optimum fto^ rate and operating proosurssvairy as a 
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function of th8 casing and wolibore sizes, vuelibore section lengUi, available pumping 
equipmsnt, and fluid propertios of the fluldic material being pumped. The optimum flow 
rate and operating pressure are preferably detentiined using conventional empirical 
methods. 

5 The hardermble fluMIc sealir^ material 255 may be any number of conventional 

oommsrcBally available hardermble fiuidic sealing materials such as, for &mmp^, sisg 
mix, c©ment, latisac or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 Is a blended cennenlt prepared specifically for the particular \Afeli sedbn 
being drilted from Halliburton Energy Services in Dallas, TX in order to provide optimal 

1 0 support for tubular rmnmber 21 0 v^ile also maintaining optimum fio^ d>arac2eristics so 
as to minimke difficuilti(S)3 during ^ dlisplacement of cement In the annular region 260. 
The optinruim btend of the blended cement is preferably detsrmined usirtg conventional 
empiric methods. Dn several alternative embodiments, the hardenable fluidic sealing 
material 2S5 is oompressible before, during, or after curing. 

15 The annulair n^lon 280 pr§^fe(rably lis filled ^sM\ the material 255 in sufficient 

quantitiss to ensure that, upon radial expansion ctf the tubular member 210, the annular 
region 280 of the nmf section 1 30 of the wsHbona 100 will be filled ^ the material 
255. 

in an alternative embodiment, the Ir^ectlon of the material 255 Into the annular 
20 region 280 is omitted, or Is provided after the radial expansion of the tubular member 
210. 

M illustrated In FOGS. 4, 4a. and 4b. once the annular f^ion 280 has been 
adequately fated with the material 255. a plug 285. or other simBar device, is introduced 
into th@ fiiM passsge 220. thereby fluididy isolating the 

25 armiilar n^km 230. In a prtsff^rr^d entbodlnnent, a non-t^rdenable fluidic mat^l 270 
1^ then pumpsd into the interior ms^ion 230 rausiing ths interior region to pressurise. In- 
this nnsnner, the Interior regioTi 230 of the expanded tubular msiTtber 21 0 will not 
contain significant antounts of the cured material 255. This also reduces and simplifies 
the rast of the entire process. Altenfiatively, the material 255 may be used during this 

30 pha3@o7thepnaoe®8. 

As mustBiEited ilin FIG. 5, In a preferred embodiment, the continued injection of 
the fhiidic nmteriaD 270 psressurises the region 230 and unfolds the intenmediate portion 
215b of the shoe 215. On a preferred embodiment, the outsEde dimeter of the unfolded 
intenmsdiate portion) 21Sb of the shoe 215 is greater than the outside diameter of the 

35 upper and \m&r pcftkma. 21Sa and 215b. of the shoe. In a preferred embodiment, the 
inside and oulskte dianriebars of the untoEdod IntermediaOe portton 215b of the shoe 215 
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aiB greater than the inside and outside diameters, respectively, of the upper and lower 
portbns. 215a and 215b. of the shoe, in a prsfened emkxKlinrtent, the InsMe diameter 
of the unfolded intenfnediate portion 215b of the shoe 215 is substantially equal to or 
greater than the inside diameter of the pr^s^dsfing casing 115 in order to optirrailly 

5 Eacilitate the fomnatlion of a mono^iarneter v^llbore casing. 

As illustrated in FIG. 6, In a pTefemed embodiment, the e)(panslon cone 205 is 
then loured Into the unfolded intemfiediate portion 21 5b of the shoe 21 5. In a 
preferred embcdinrtont, the e^cpansion cone 205 is loa^^fer^ into the unfolded 
IntennecSate portion 215b of the shoe 215 until the bottom of the expansion cone 

10 proKinf^ts the lo^r portion 215c of the shoe 215. In a prefierred embodiment, during 
the (Soaring of the expansion cone 205 into the unfoldis^ Intemnedlate portion 21 5b of 
the shoe 215. the materteil 255 vifithin the annular r^ion 280 and/or the bottom of <^e 
v^llbore secilon 130 maintains the shoe 215 in a substantially stationary position. 
As Mustrsited in FIG. 7. in a preferred embodiment, the outside diameter of the 

15 expansion oone ^5 is then increased. In a prefiairvtad ©mbodlrnerit, the outslc^ 
diameter of the expansion cone 205 is irwreased as disclosed In patent nos. 
5,348,085, and/or 6,012,923, the disctosures of v^ch are incorporate heirein by 
reference. In a preferred embodiment, the outside diameter of the radially expanded 
expansion cone 205 is sudbstantially equal to the inside diameter of the preexisting 

20 wellborecasingllS. 

bi an alternative embodiment, the expansion cone 205 is not towered into the 
radially expanded portton of the shoe 21 5 prior to being radially expanded. In this 
manner, the uppeir portion 210c of the shoe 210 may be radially expanded by the radial 
expansion of the expsnsiSoh cone 205. 

25 In another sdSemative embodiment, the expansion cone 205 is no2 radially 

expanded. 

As illustratlisid in FIG. 8, In a preferred emttodlment, a fluidllc mattarial 275 is then 
injecii^ Into the rt^ton 230 through the fluid pas^ges 225a aind 205a. In a prefierred 
embodiment, onos) the Interior regton 230 b^omes suffidentiy ptressurised. the upper 

30 portion 21^ of the shoe 213 and the tubular member 2110 are pireferably plastically 
defbnnsd, r&dtelly expanded, and extnxded oflf of the expansion cone 205. 
Furthermore, in a prefenred embocSimenl^ durtTig the end of the radial expansion 
process, the uppor portion 210d of the tububu" member and the Cower portion of the 
preexissting casing .115 that overlap with one another are simultaneously plastically 

35 defbrmsd and radially expanded. IntMsrnanner.anriono^ilamieterweibc^ 
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may be formed that indudes tha praaxisUng v^llbova casing 1 15 and the radially 
expanded tubular membar 210. 

Durhg tha mtruslon process, tha expansion oone 205 may 
expanded portion of the tubular membar 210. In a prafenad ambodiment, during tha 

5 extrusion process, tha expansion oorta 205 Is raised at approximately the same rata as 
the tubular member 210 lis expanded in order to keep the tubular member 210 
stationary relative to the new wallbore sacUion 1 30. In this rvmnner, an ovedapping Joint 
bete^een the radtelly expanded tubular member 210 and the tomr portion of the 
preexisting t»sing 115 mnsiy be optim^llly forrned. In an alternative preferred 

10 embodiment, the expansion cone 205 is nraintained In a stationary position during the 
exinjslon process thens^y allowing the tubular member 210 to extnjde off of the 
expansion cone 205 and into th® nmf ^llbore sedio^ 130 under the foroe of gravity 
and the operating pinsssur^ df the interioir region 230. 

In a preferred ernbodfeBsnt, \ftAien th® upper end portion 210d of the tubular 

1 5 memb^sr 210 and the \mm portion of the pr^xisting casing 1 1 S that overlap one 
anotter ar^ plastically deilbrrmd and radialOy expanded by the ex^nsion cone 203, the 
expan^n (x^e 205 is displaced out of the ^bore 1 00 by boith the operatirig 
pressure v^in the (n^ton 230 and a upiA^tndly direded axial force appBed to the 
tubular suppoTt member 225. 

20 The overlapping joint betvifeen the \mm portion of the preexisting ^Ing 1 1 5 

and the radially expanded tubular membeir 21 0 preferably provides a gaseous and 
fluodicseaL In a particularty prtsferred embodinient the sealing rnembers 245 o^^ 
pro^ a fluidic and gaseous seal In the overlapping jolnL In an alterr^tlve 
ernbodiment the sealing rnernbers 245 are omlttfl^ 

25 In a preferred embodiment, the operating pndssure and flovif rate of the fluidic 

material 275 Is controllably ramped do^ when the expansion cone 205 reaches the 
upper end portiG^i 210d of the tubular member 210. In this manner, the sudden release 
of pj^assure caused tiy the complete extrusion of the tubular member 210 off of the 
expansion ^e 205 (^n be mlnimizi2)d. On a pr^sfisinred embodiment, the operating 

30 pressure is reduced In a substantially linear fashion finom 100% to about 10% during 
the end of the extrusion) pTcoess t^sginning vt^hen the expansion cone 205 is ysMin 
about 5 ftcm oomplieltion of the extrusion process. 

ANsmatively, or Dn oombUnatlon, the ^1 thldlcriess of the upper end portion 
21 Od of the tubular memlber is tapered in order to gradually reduce the required 

35 operatirtg pressure for pSasUraillly deforming and radially expanding the upper ©rtd 
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portion cf tte tubular membsr. In this mannor, shock loading of the apparatus is at 
least rsducdd. 

AHematively. or in oombination, a shock absorber is provkied in the support 
member 225 in order to absorb the shpcSt caused by the sudden release of pressure. 

5 The shock absorber may oomprisep for oxample, any conventbnal conrnterdally 
avaaaUe shock absosrber, bumper sub« or Jars adapted foa* use in ^Afsllbore operations. 

Altormrtively, or in oombinatjon, an expansion oone catchir^ @tnjctufe is 
provided on the upper end poTton 210d of the tubular member 210 in order to (^tch or 
at least deoalerate the e^tpansbn cone 205. 

10 In a prsf@r7ed embodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and Urictton efif^^ upon the tubular rmmber 210 during the e);pansion process. 
These eifscts \M be depend upon the giscmetry of -the e^nsion cone 205, the 
nr^terial compositten o(f the tubular mennber 210 and eicpansSon cone 205, the inner 
diameter of the tubular member 21 0, the wall thickness of the tubular member 21 0, the 

15 type of iubfk^ant, arKi the yiekJ strength of the tubutar member 210. hi general, the 
thccker the m\\ ffiiickmess, the smaller the Inner diameter, and the greater the yiekJ 
strength cS the tubular rrtember 21 0, then the greater the operating pressures reqiAed 
to e»lnjde this tubular rri^rnber 210 off off the e)^^ 

For typical tubular members 210, the exiruston of the tubuter meml^r 210 off of 

20 the exf^nsipn cone 205 v^ll begin wheri the pr^ 
reaches, for example, appnoxlmateiy 500 to 9,000 pel. 

During the extrusion process, the expanston cone 205 may be raised out of the 
expanded portton of the tubular member 210 at rates ranging, for examf^, from about 
0 to 5 Wsea In a preftstfred embodimemt, during the extrusion proosss, the expansion 

25 cone 205 is raised out of the expanded porffion of the tubular member 21 0 at rates 
ranging from about 0 to 2 fl^sec in order to minimise the time required for the expansion 
proce&s also permitttng easy mntroi of the expansion proosss. 

M illustratsd In FOG. 9, onoB the extrusion p(rocess Is completed, the expansion 
corv3 205isremo^finDmthe\A^llbo7te:i(ro^ Dn a prefierred embcdirnent, either G^fbr^ 

30 or after the rer?x>val of the expansion oone 205, the Inte^ . 
overlapping firint betv^n the upper ertd pc^rtiSon 21 Od of the tubular member 21 0 and 
the iGt^r end pcrtton 1 15a of the preexostSng mllbore c^ong 1 15 is tested using 
oonventtenal methods. 

in a pn9fi9r?ed embodiment, if the fiukilc seal of the overlapping Jdnt bet»%;een 

35 the upperertdporthm 2104 ofthe tubular mernber 210 ar^ 

of the casing 115 b satisfactory, then any uncured pprtton of the maltsrial 255 \;tfithin the 
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GKpanded tMbuter membdr 210 Is thm rsmovod in a oonventtonsd mannor such as. for 
example, circulating the uncurb material out of the interior of the expanded tubular 
memb®r210. 17ie e»pari^ cone 205 is then pulled out of the vtoll^^ 
and a drill bR or miU Is used in cofnbinatioin ^ a conventional drtlling assembly to drill 
5 out my harttened material 255 viAhin the tubu^ Inaprofened 
embodbnent. the material 255 ^in the annular regton 260 is then eStcmd to fully 
cure. 

As Dllustrated in FIG. 10, the bottom portion 215c of the shoe 215 rmiy then ba 
removed by drilling out the bottom poirtion of th@ shoe using oonvemtlonaD driing 

10 methods. The v^Sbore 100 may th^ be ®)tiended in a conventional rmmner using s 
oonv^ntionai drilling assembly. In a protomred embodiment, the inside dianrteter of the 
extended por^on of the ^Obore 1 00 is greater than the inside diameter of the radially 
eiqpandied shoe 21 5. ' 

As illustrated in FIG. 1 1 , the method of FIGS. MO may be repeatedly 

1 5 performed in ordeir to pro^vcde a momHjlameter ^llboTe ming that includes 

ove(rtiipp]ng ^llboire casings 115 and 210sh210e. The^llbore (^ir^ 115, and 2110a- 
210e preterabty include outer annullar layers of fluidto sealing rrmterial. Alternatively, 
the outer annular layers of fluldlc!»3attng material r^ In thb manner, a . 

morKMllameter welfoore casing may be fomned \RnthDn the subterranean fomiation that 

20 extondlefortens of thousands of feeL E\/2oregeneralllystill, the teachii^ of FIGS. 1-11 
may be used to form a mono-diameter vveilbore rasir^, a pipeline, a stn^ral support, 
or a tunnel ^ftflthin a subtenansan ficfmatioin at any orientation from the vertical to the 
horisontal. 

In a prstierred embodiment, the fbmnation of a mono-diameter mllbore casfcng, 
25 ae Hluetirated In FDG8. 1-1 1,18 further provided as discloeed In one or rnoro 
fbllo»^ng: (1) U.S. patent application serial no. 09^454,130, attomey docSost no. 
25791.03.02, filed on 12^1099, (2) U.S. patent apt^fon serial no. 09/510,913. 
attomey docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent applk^tbn serial 
no. 09/502,350, attomey docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
30 appll^tion serial no. 09/440,338, attomey 6osiM no. 2S791 .9.02, fited cm 1 1/1 5/1 999. 
(5) U.S. patent application serial no. 08/523,460, attorney docket ro. 25791.1 1.02, fiiSed 
on 3/10/2000. (6) U.S. patent appK^tbn serial no. 09/512,895, attomey docket no. 
25791 .1 2.02, filed on 2/24/2000, (7) U.S. patent appHcaition serial no. 09/51 1 ,941 , 
attomey docket no. 25791.18.02, fited on 2/24/2000, (8) U.S. patent application serial 
35 no. 0Sl^,943,atiiomey docket no. 257911 .17.02, filed 0^ 

appOicatton @®risd no. 09^59,122, attomey docket na 25791.23.02, filed on 4/26/2000, 
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(10) PCT patent application serial no. PCT/USOQ/18635, attomay docket no. 
25791.25.02. filed on 7/9/2000, (11) U.S. pfD>^slonal patent appBcation serial no. 
80/162,671, attorney docket no, 25791.27, filed on 11/1/1^9, (12) U.S. provistonal 
patent applteatbn serial no. 60/154,047, attorney docket no. 25791.29, filed on 
5 9/1 6/1 999, (1 3) U.S. pfo^sional patent appHcaOon serial no. 60/1 59,082, attorney 

docket no. 25791.34. filled on 10/12/1999. (14) U.S. provisional patent appiicsitton serial 
no. 50/159.039. attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provlsionaD patent appli^flon serial no. 60/159.033, attorney dodcet no. 25791.37, filed 
on 10/12/1999. (16) U.S. provisional patent appHratton serial no. 60/212,359, attc^ey 

1 0 docket m. 25791 .38. filed on 6/19/2000, (17) U.S. pro>^slonal patent application serial 
no. 80/165^8, sittomey docket no. 25791.39, filed on 1 1/12/1999. (18) U.S. 
provistonaD patent application serial no. 60/221 ,443, attorney dod^et no. 25791.45, filed 
on 7/28/2C^, (19) U.S. provisional patent appltertion serial no. 60/221,645, attorney 
docket no. 25791 .46. fHed on 7/28/2000, (20) U.S. provisional patent applicatton serial 

15 no. 60/233.638, attorney docket no. 25791 .47. filed on 9/18/2000. (^^ 

patent applteatioh serial no. 60^7.334. attorney dMket no. 25791.48, filed on 
10/2^2000. and (22) U.S. provisional patent appliratteh serial no. 60/262,434. attorney 
docket no. 25701.51. fiii^ on 1/17/2001, the disctesures ct^sAMn are inooerporated 
herein tiy reference. 

20 Referring to FIGS. 12. 12a, 12b. 12c said 12d, in an alteniative embodiment, an 

apparatus 300 for fomiing a mono-diameier vt^tbore rasing is positkmed within the 
v^llbore (Casing 115 that is substentially kientiral in design and operation to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 21 5. 

In a pns)ferns^ embodiment, the shoe 305 includes an upp^ portion 30Sa, an 

25 intemtediate portooTi 3051b, and a tamr portlion 305c having a valveable fluid passage 
310 that is'p^erably adapted to reosive a plug. dart, or o(th©r similar el®/nent for 
coTBtrolteibly sealing the fluid passage 310. In this manner, the fluid ;^issage 310 may 
be optimallly sealed off by introdydng a plug, dart and/or ball seaKng elements into the 
fluid passage 310. 

30 The upper and louver poirttons, 30Sa and 305c of the shoe 305 are pretembOy 

substentially tubular, anjd the intermediate portion 305b of the shoe includes 
oonrugattons 305ba-305bh. FurthemroTe. In a preferred embodlmsnt. ^n the 
htennediate portion 365b of Uie shoe 305 is radially exparided by the application of 
fluid pfressure to the interior 315 of the shoe 305, the inside and outside diameteirs of 

35 the radiaOly expanded intemmediate pcrtton are preferably both greater than the inskSe 
and outeide dianrvetere of the uqpper and lo^ iporttons. 305&and 305c. In this manner. 
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the outer cirajnil®renG8 Of the tntenrodiate portion 305b of the shod 305 Is preferably 
greater than the outer drcurnferenoss of the upper and lower portior^, dOSst and 305c 
of the shoe. 

In a preferred embodbnent, the shoe 305 further includes one or more through 

5 and stde outlet ports in fluidic communiotion tAfith the fluid passage 31 0. In this 
manner^ the shoe 305 optimd^ Injects hardenable muMic sealing material into tto 
region outside the shoe 305 and tubular member 21 0. 

In an alternative embcdrn^nt, the flo^ passage 31 0 is omitted. 

in a preferred embodiment, as Illustrated in FOGS. 12 and 12d, during 

10 pteosment of the apparatus 300 v^in the vifellbore 1 00, flukJic materials 250 within the 
vifellbore that are displaced by the apparatus are conveyed through the fluid passages 
310, 205a, 225a, and 225b. In this nrainner. surge pressures created by the placement 
of the appairatus v^ln the ^llbore 100 are reduced. 

In a preferred embodiment, as illustrated in FIG. 13 and 13a, the fluid passage 

1 5 225b is then dosed and a han^enable fluldic sealing rraterial 255 is then purrtped from 
a surfecelm^ition into the fluid passages 225a and The material 25S then 
passes from the ^uid passage SOSa into the interior rt^ion 31 5 of the shoe 305 betow 
the e»^nston oorte 2(S. The material 255 then passes from the interior rsgion 315 
into the fluid passs^ 310. The material 255 then exite the apparatus 300 and fMs the 

20 annular region 280 b^Omm the exterior of the tubular member 210 and the interior wall 
of the new section 130 of the wellbore 100. Continued pumping of the material 255 
causes the material to fill up at least a portion of the annular region 260. 

The materfel 255 is prsferably pumped into the annular nsgion 280 at pressures 
and flow rates ranging, for emmpte, from about 0 to 5000 psi and 0 to 1 ,500 

25 gallons/min, respedlvely. The optimum flow rate and opemtlng pressures vary as a 
function of the (^ng and wellbore stess, wellbore sedion length, available pumping 
equipment, and fliito properties oif the fiuidic mati^l being pumped. The optimum iflow 
rate and' ope:ratlng pressure are prefereb^ determined usin^ conventsonal empirical 
methods. 

30 The hardsr^ble fhildlc ^lif^ rr^t^l 255 may be any number of ojmentlonal 

commerdalDy available hardenabSe fSutdlc scaling matisriaSs- such as, for ei^mpEe, slag 
rrri^ cervient, Caten or epo:ry. Dn a preferred erfi^bodiment, the hardenabOe fluidic sealing 
rraterial 255 is a blended cement prepared spedflcally for the partlcutar wen section 
being drilted from Hafflburton Energy Senfio&s In Daltes. TX in order to provide optimal 

35 support tor tubular member 210 while also rhaintairdng optimum fCoiw charaderisflcs so 
as to minlnnize difflcuRies during the dlsplaoement of oenrient In the annular region 260. 
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The opUmum blend of the blended osment is preferably detemiined using conventional 
empirical methods. In several alternative embodiments, the hardenable flusdic sealing 
material 255 Is compressible before, durir^, or after curing. 

. The annular region 260 preferatriy is fHEed with the notarial 255 in sufiteient 
5 quantities Ito ensure that, upon radial expansion of the tubular member 21 0, the annular 
region 260 of the ne^ section 1 30 of the \»ellb07e 1 00 wUI be flHed with the material 
255. 

In an alternative embodiment, the irijection of the material 255 into the annular 
rsgion 260 is omitited. 

10 As illustrated in FIGS. 14 and 14a, once the annular region 260 has been 

adi^uately fiM with the matertel 255. a plug 265, or other similar device, is introduced 
Into the fluid passage 310, thereby fluididy isolating the interior region 315 from the 
annular insgioTi 260. In a pr^enred embodiment, a non4i8ffdenable ftuidic material 270 
is then poimped into the Interior r^bn 315 causing the interim In 

15 this manner, the Interior ragion 315 wall not contain signiflicant amounts of the cured 
material 255. This also reduces and simpSfies the cost of the entire process. 
ANematively, the n^rial 255 may be used during t^^^ 

As Hhjstratedl In FIG. 15, in a preferred embodiment, ttie continued injection of 
the fluidfe notarial 270 pressurizes the r^^ 315 and unfolds the oomigations 305ba- 

20 305bhGf the intermediate pcMTtion 305b of the shoe 305. In a prefemed embodiment, 
tte outside diameier of the unfolded interm^iate portion 305b of the shoe 305 is 
greater than the outskte diameter of the upper and lower portions, 305a and 305b. of 
the shoe. In a preferred embodirr^nt, the inside artd outside diameters of the unfolded 
Intemnediate portion 305b of the shoe 305 are greater than the biside and outside 

25 diameters, reepeciMy, of the upper and lower portions, 305a and 305b, of the shoe. 
In a prtafeirred embodliment, the inside dimeter of the unfolded inte7med*^te portion 
^b of the shoe 305 is substantially equal to or greater than the Inside diameter of the 
pree)dstlng casing 305 in order to optimize the formation of a mono-diameter wellbore 
rasing. 

30 As illustrsted in FIG. 16, in a preferr^ embodln^t, the expanston cone 205 is 

then loR^^red inito th® uriiblded interi^^ In a 

preferred embodlrnent, thQ ostpanslon cone 205 Is Dowered into the unfolded 
intermediate portion 305b of the shoe 305 until the bottom 
pro»Irnate the llower portion 305c o7 the ^ In a pr^erred embodiment, during 

35 the lowering ofthe estpanslon cons 205 Irtio the unfolded intemtedteite portion 305b of 
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the 8h08 305, tho matBrial 255 within the ainruilar region 260 maintains the shoe 305 in 
a substjsmtiany stationary position. 

As illustreted in FIG. 17Jn a preferred entbodinriGnt, the outside diameter of the 
expansion cons 205 is then incroased. In a prsfennBd (ambodllment, th® outside 
5 diamster of the expansion cone 205 is Increased as dlisdlosed in U.S. patent nos. 
5,348,095, and^or 8,01 2,523. the disclosures of which aine incorporate herein by 
^ism\OB. In a preferred embodiment, the outside diameter the rad^ily expanded 
eitpanston cone 205 is substantially squat to the inside diameter of the pr^xlsting 
v^feHbore casing 115. 

10 In an alternative embodiment the expansion oom 205 is not lowered into the 

radtsilly expand<3d portion of the shoe 305 prior to being rsdially expanded. In this 
manner, th® upper pt»tion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

in another altematlye embodiment, the expansion cone 205 is not radially 

15 expanded. 

As illi^trated in FIG. 18. in a pralierr^d embcdimxent a fluidic nnaterial 275 is 
then irtgscitediflto the rtsgbn 315 thm^ Ina 
prefiBrred (smbotftnenit. once the interior r^ion 315 bsmmes sufficiently pressurised, 
the upper portion %)5a of the shoe 305 and the tubular member 210 are preferably 

20 piasOcaHy deformed, radially expanded, and extruded off of the expansion cone 205. 
Fii^rmore, in a prefened embodiment, during the end of the radial expansion 
process, the iQ)per portion 210d of the tubular member and the \cK^r portion of the 
pre^dsting ^ing 115 that overtop v^ith one an^sither are simultaneously plastically 
deHbrmsd and radially expanded. In tf& mannetr, a mono^iameter wellbore rasing 

25 miiy be fomted th^t indludes the preexisUnB vv®llbo?e rasing 119 and the iradially 
exprd(^ tubulsir mnambor 210. 

During the exiruslcn prooess, the expansion oon® 205 nrtay be raised out of the 
expanded portion of the tubular member 210. Sn a preferred embodiment, during the 
extrusion process, the expansion .cone 205 is raSsi^ at approxtm^tely the same rate as 

30 the tubular member 210 is expanded Sn order to tteep the tubular member 210 

stationary (relative to the new wellbore section 1^. On this manrDer, an overlapping jdnt 
bet^Afeen the radMy expanded tubular rrtember 210 ami the lo^r portior) of the 
preexisting rasing 1 1 5 rmy be optimally formed. In an altennatlve preferred 
embodiment, the expansion cone 205 is maintained In m stationary position durir^ the 

35 exthisim proooss thereby allowing the tubular merv^ir 21 0 to extrude off of the 
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expemsion oone 205 and into the new vveilbore section 130 under the force erf gravity 

and the operating pressure of the interior region 230. 

In a preferred embodiment^ when the upper end portion 21 Od of the tubular 

memtier 210 and the lower portion of the preexisting c^ing 115 that overlap one 
5 €9iother are piasUcally defomned and raidially expanded by ths expansion oone 205. the 

expansDon oone 205 Is disptaoed out of the wellbore 1 00 by both the operating 

psiasduns v^in the rtsgion 230 and a upwardly directed axial force appited to the 

tubular support member 225. 

The overlapping joint between the lo^r portion of the preexisting casing 115 
10 and the rEdially expanded tubular member 21 0 prsferably provides a gaseous and 

fluldic s@ai. In a psrticularliy prefemsd embodiment, the sealing members 245 optinr)ally 

provide a fluidic and gaseous seal in the overlapping Joint In an alternative 

embodiment, the sealing members 245 are omtlti^. 

In a preferred embodiment, the operating pressure fluidic 
15 mabsHal 275 is controlllabfy ramped dovm vtfhen the expansion oone 205 reaches the 

upper end portton 210d of the tubular member 210. In this manner, the sudden release 

of pressure raused by the complete extmsion of the tubular memfi>er 210 off of the 

expansion oone 205 »n tie minimized. In a preferred embodiment, She operating 

pressure is reduced In a substantially linear feshton from 100% to about 10% during 
20 the end dr the extrusion prooess beginning \»fhen the expansion cone 205 is wHBiin 

about 5 feet from completion of the extnjslon prooess. 

AKematively, or in combination, the visll thickness of the upper end portion. 

210d of the tubular nftemt>8r os tapered in order to gradujally reduoa the required 

operating pressure for plasticsilly deforming and radially expanding the upper end ' 
25 portion of the tubularmenfA>er. In tMs manner, shock loading of the apparatus may be 

at (east partiaDly minimked. 

Alternatively, or in oombinatio?i, a shocSc absort^r is provided in the support 

member 225 in order to s£}sorb the shock (sused by the sudden release of pressure. 

The shock absorber may comprise, for example, any oonventional oommerciallly 
30 available shock absort^er adapted for use in walibore operations. 

Altematively, or in combination, an expansion cone catching strucaure Is 

proved in the upper end portion 210d of the tubuDar rrtember 210 in o(rder to ratch or 

at least deoeteirate the expansion oone 205. 

In a preferred embodiment, the apparatus 200 is c^Sapted to minimise tensile, 
35 burst, and friction efliects upon the tubular member 21 0 durlir^ the e^tpansion prooess. 

Tliese eflbtils ^sM be depend upon the geometry of the expansion oone 205, the 
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mstery composition off the tubular membar 210 and ascpansion oona 205, tha inner 
diameter of the tubular member 210. the wall thickness of the tubular member 210, the 
type cS lubricant, and the yield strength of the tubular member 210. In general, the 
thiciter the thickness, the smaller the inner diameter, and the grseter the yield 

5 strtsngth of the tubular momber 21 0, then the greater the operating pressures rsquired 
to eKtnidd the tubular member 21 0 off of the expansion cone 205. 

For typicsii tubular members 21 0, the e^drusion of the tubular member 21 0 off of 
the ejtpanslon cone 203 \^ll begin v^en the pressure of the interior leglon 230 
reaches, for a}tample, appinoximately 500 to 9,000 psi. 

10 Durif^ the e^ttruslon process, the eicpanslon oone 205 may be raised out of the 

expanded portion of the tubular member 210 at rsites ranging, for example, from about 
0 to S fVsec. In a preferred! emt)odiment, during the esdruston process, the expansion 
coTte 205 is raised out of the expanded posiibn of the tubular member 21 0 at rates 
ranging from about 0 to 2 fti/sec in order to minimize the time r^uirsd for the expar^lon 

15 process v^le also pemmittir^ easy oontrol of the expansion proosss. 

As Illustrated in FIG. 19, onos the extrusbn process is oomptsted, the 
expanston cone 205 is removed from the \^llbor8 100. In a praferred embodiment, 
either bebre or after the remo^l of ithe expanscon oone 205. the Integrity of the fluldic 
seal of the overtapping Jdnt bGt^Aj^n the upper end portion 210d of the tubular memt)er 

20 210 and the tamr end portion 1 15a of the preexisting wellbore casing 1 15 is tested 
using conventtonal methodls. 

In a preSienied enrttodiment, if the fluldic seal of the overiapping Joint behftmn 
the upper end portion 210d of the tubular member 210 and the lo^r end portion 1 15a 
of the ming 11 S is satBSfadcry , then any uncured portion of the materisd 255 ^In the 

25 expanded tubular ntember 210 is then removed in a convention^ nnanner such as, for 
exanfipie, drculating the uncured material out of the interior of the expanded tubular 
member 210. The expansbn vmm 205 lis then puIEed out of the v^bore section 130 
snd a drill bit or nrdlll Is used in combination with a conventional drilling assembly to drill 
out any haniened material 255 v^in the tubular ntember 210. In a p^eferrsd 

30 embodlmsnilt, the (nr^rtel 255 }sM\iin the annular region 260 is then ailllov^ to fully 
curs. 

As illustrated In FIG. 20. the bottom portion 305c of the shoe 305 may i^en be 
removed by drilling ouA tthe bottom portkm of the shoe using conventional drilling 
methods. The wellbore 100 nray then be extended in a oonventional oranner using a 
35 oonventionai drilling assentibly. Ilnap70fi8nredembodinnent,theinsidedianrteterort^ 
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GXtendad portion of tha wallborB is greater than the inaide diameter of ths radially 
Gsqyami^ shoe 305. 

The method of FIGS. 1 2-20 may bB repeated^ performed in order to provide a 
mono-diameter wellbors casing that includes overlapping ^llbore casings. The 

5 overtapping ^llboTe (^ir^ preferably include outsr annular layers of fluidic sealing 
material. Altematively, the outer annular layers of fluidic sealing material ntay be 
omitted. In this manner, a mono<iiarT^ter welitK>re casing may be formed within the 
subterranean formatioTi that extends for tens of thousands of feet More generally still, 
the teadiings of FIGS. 12-20 may be used to form a mono-diameter wellbore casir^, a 

1 0 pipeline, a structural support, or a tunnel within a subterranean formation at any 
orientation from the vertical to the horizontal. 

In a prefened embodiment, the fbnmation of a mono-diameter \A/eilbore casing, 
as illuBStrated in R6S. 12-20, lis further provided as disclosed in one or nrtore of the 
ffollov^: (1) U.S. patent appliration serial no. 09/^,139, attorney docket no. 

15 25791.03.02, filed on 12^1999, (2) U.S. patent applcatlon aerials 

sUomey docket no. 25791 .7.02. filed on 2(23/2000. (3) U.S. patent applioition aerial 
no. 08/502.350, attorney docket no. 25791.8.02. filed osn 2/10/2000. (4) U.S. patent 
a^plicaltion serial no. 09A440,338, attorney docket no. 25791.9.02. filed on 1 1/15/1999, 
(5) U.S. patem application serial no. 09/523,460, attorney docket no. 25791 .1 1 .02. filed 

20 on 3/10/2000, (9) U.S. patent application serial no. 09/512.895, attorney docket no, 
25791 .12.02. filed on 2/24/2000, (7) U.S. patent appliratton serial no. 09/51 1 ,941 . 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent appDic^on serial 
no. 09/588,946, attorney docket na 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
applioAton serial no. 09/559.122, attorney docket no. 25791 .23.02, filed on 4/26/2000. 

2S (1 0) PCT patent applic^tbn serial no. P€T/US0Q/1 8635. attorney docStet no. 
25791.25.02, flbd on 7/9/2000, (11) U.S. proviskinal patent appDcation serial no. 
60/182.871, attorney dod!iet no. 25791.27. filed on 11/1/1999. (12) U.S. pcnovlsional 
patent appli^on serial no. 60/154,047, attorney docket no. 25791.29. filled on 
9/16/1999. (13) U.S. provHsionai patent appliratton sertel no. 60/159,082, attorney 

30 docket no. 25791 .34. filed on 10/12/1999, (14) U.S. provisk)7Dal patent application serfal 
no. 60/159.039. attorney docket no, 25791,36, filed on 10/12/1999, (15) U.S. 
provlstonal patent appllcatkMi serial no. 60/159,033. attorney docket no. 25791 .37, filed 
on 10/12/1999. (16) U.S. provlstenal patent application serial m. 60/212,359, attorney 
docket no. 25791*38, filed on 6/19/2000. (17) U.S. pravlskxnal patent applicatton serial 

35 no. 60/185,228, attorney docket no. 25791.39, filed on 1 1/12/19^, (18) U.S. 

provisbnal patent appliratbn serial no. 60/221,443, attorney docket no. 25791.45, filed 



23 



712SI20O0, (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional patent aM>lication serial 
no. 60/233,638, attorney docket ho. 25791.47, IRIed on 9/18/2000, (21) U.S. provisional 
patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 

5 10/2/2000, and (22) U.S. pro>^ional patent appiicatSon serial no. 60/262,434, attorney 
docket no. 25791 .51 , fii<^ on 1/17/2001 , the disctosufes of which are incof^rated 
herein by reference. 

In several alternative embodoimnts, the apparatus 200 and ZOO are used to 
form arKi/or repair wellbor® casings, pipelines, and/or structural supports. 

10 In several alternative embodlim^ts, the folded geometries of the shoes 215 and 

305 are provided in accordance with the teachings of U.S. Patent Nbs. 5,425,559 
and/or 5,794,702, the discHosures of which are incxifporated herein by referenos. 

An apparatus for forming a wellbore casing in a borehole located in a 
subterranean fbrmation including a pmsexistlng wellbora ca^ng Kas^been described that 

1 5 includes a support nrtemb®r including a first fluid passage, an expar^on cone coupled 
to the support member Including a second fluid passage flucdidy couptei to the first 
fluid passage, an expandable tubular liner movably coupled to the expansion cone, and 

expandable shoe coupled to the expandable tubular liner. In a preferred 
embodiment, the expansion oone is expandat>le. In a preferred embodintent, the 

20 expandable shoe includes a valveable fluid passage for oontroiling the flow of fluMic 
materials out of the expandable shoe. In a prefened embodiment, the exf^aandable 
shoe includes: an expandable portion and a remaining portton, wherein the outer 
droumfersnce of the expandabSe portton Is greater than the outer drcumfiesnsnce of the 
rsmainir^ portion. In a pst^fennsd embodinn)(Dnt, the expandable portion includes: one or 

25 more immrd folds. In a prtsfenred embodinrDent, the expandabSe portion includes: one or 
' mcre.comjgations. On a preferred erriibodimeni the expandable shoe I 
more im^rd folds. In a preferred embodinment, the expandable shoe includes: one or 
mor9 o^nnugations. 

A shoe has also been described that includes an upper annular portion, an 
30 . intemn^iate annular porSion, and a lo^r annular portion, whiifein the inteimrtedlate 
annular portion has an outer drcunfiillisirenoa that is Das^ tihan the outer circumferences 
of the upper and lower annular portions. In a preSarred embodiment, the lower annular 
portion indudes'a vatvoable fluid passage tor controlling the Iksw of fluldic materials out 
of the shoe. In a preferred embodinrtent, the int&rmedteile portion includes one or more 
35 invent folds. Inapre^Rsrrted ernbod&iTieirit, the^ 
oonugaUons. 
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A method of fonming a wellbora casing in a subterranean fbnnation having a 
preexisting \A^llbore casing positioned in a borehole has also been described that 
includes installing a tubular liner, an estpansion cone, and a shoe in the borehole, 
radiaHy expanding at least a portion of the shoe by injecting a fluidic material into the 
5 stee, and radially e^rpandllng at least a portion of the tubular liner by injecting a fluidic 
material into the bcjehole belo^ the expansion cone. In a prefenred embodiment, the 
method further indudes (radially expanding the eitpan^^ Inapneferred 
embodiment, the method tfurther inducfles levering the expansion cone into the radially 
expanded portion of the shoe, and inadteilllly expanding the expansion cone. In a 

10 prefened embodiment, the method further indajdes. radially expanding at least a portion 
of the shoe and the tububr liner by injecting a fiuldic material into th3 borehole below 
the radially expanded expansion oome. In a preferred embodiment the method further 
includes injectir^ a hardenable fluMIc sealing materiaO into an annulus betvtfeen the 
tubular liner avid the borehoSe. In a ptnsferTed ennbodlment, the method further indudes 

15 Fsdiaily expanding at least a portion of the pmeKisting v^llbore rasing. In a prelenfed 
embodiment, the ntethod further Includes overlapping a portion of the radially 
expanded tubular Kner with a portion of She preexisting ^iBx>re ^Ing. In a preferred 
embodiment, the inside diameter of the radiaOy e^cpanded tubular liner is substantially 
equal to the inside dianneter of a nonoveriapping portion dS the preexisting v^llbore 

20 casing. In a preferred emi)odlnri3nt t^ . 
to the expansion rane. Irn a preferred embc»jiment, the inside diameter of the radiplly 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a ^Ibor® (^ing in a subterranean fomnatJan having 
25 a prsexistsng t;^libo!n3 Rising positioned in a borehole has also been described that 
includes means, fior instsilling a tubular Hrm", an expansion cone, and a shoe Sn the 
bcfelTote, means for radlalty expanding at least a portion of the shoe, and mesns 'for 
radially expanding at Keast a portion of the tubular liner. In a prefened embodiment, the 
apparatus furttter includes means for radiallly expanding the expansion cone. On a 
30 prefened embodiment, the apparatus further Includes means for lovi^ering the 

expansion one into the mdiaily expanded portion off the shoe, and means for radally 
expanding the expansion) cone. In a preibrredeinnbodinnent, the apparatus fur^ 
includes nteans for injecting a fluidic msiterial Into the borehole belo^ the radially 
expanded expansion cone. On a preferred ernbodiment, the apparatus further indu^ 
35 means for injecting a hardenable flutdic seaRng rnsBterial into an annulus betumn the 
tububrlSner and the borehole, in a prtsOSerred embodinient, the 
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includes meams for radially wpandlng at least a. portion of the prefif^dstiiftg vvaiit^ore 
casing. In a praferred embodiment, the apparatus further mdudes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preeidsting v^llboire (^sing. In a pref^inred embodiment, the inside diameter of the 

5 radially eicpanded tubular liner is substantially equal to the Inside diameter of a 

nonovertapping portion of the pnsexisting wellborn c^ing. in a prefevred embodiment, 
the apparatus further includes means for applying an aidai foros to the ei^pan^on cone. 
In a prefenned embodiment, the inside diameter df the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

10 An apparatus for fbmning a v^llbore casing within a subterranean formsition 

Indluding a pree)dsting wellbore ^ing positioned in a borehole h^ also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular iineir to an overlapping portion) of the preexteting wellbore ^ing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the inside 

15 diameter of a noTD-overilapping portion of the preexisting wellbore casing. 

A wellbore casing positlorted in a borehole within a subterranean (brrration has 
also been described that includes a first v»effi)ore casing and a second wellbore rasing 
coupled to and overiapping vvKh the first ^ftfeilfaore casing, wherein the second v^iibora 
rasing is coupled to the first wellB)ore casing by the process of: instalhg the second 

20 wellbore rasing, an expansion cone, and a shoe in the borehole, racfiaily expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radisdlly 
expanding at least a portion of the second wellborn rasing by injecting a fluidic material 
into the borehole below the expansion cone. In a prefoned embodiment, the process 
ft>r formir^ the wellbore casing further indudes radially expanding the expansion conie. 

25 in a pijsl^n®d embodlnrtent, the proosss for foTming the wellbore rasing further indudles 
lov^ring the expansbn cone (into the F&digilly expanded portion of the shoe, ari^d radially 
expanding the expartsion cone. Bn a prefian^ embodiment, the proeess for fbrmir^ the 
v^lbore rasing further indudes radialSy expanding at teast a portion of the sho® and 
the second v^llboTe rasing by Inledtn^ a fluidic material into the bc^hole below the 

30 rsdlSsily Qxpanded expansion cone. In a preSierred embodiment, the process fos* forming 
the mllbotre rasing further indudes Cnjecting a t^rdenabOe fluidic sealing material Into 
an annulus beb^^feen the second weilbore rasing and the btmhote. In a prefenned 
ennbodims^t, the propess for fbrmir^ the wellbore casing ftjrther indudes radially 
expanding at least a portion of the first welibore casing. In a prefened embodiment, 

35 She process for fomning the weilbo?e rasing further indudtes overiapping a portion of the 
radially expanded second wsllbofe rasing with a portion of the first welibore rasing. On 
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a preferred ombodimant tha inside disurater of ths radially expanded second i;)feHbore 
casirtg Is substantially eqial to the inside diameter of a nonovertapping portion of the 
first v^llbore casing. Dn a preferr^ embodinrtent, the process for fbnning ttie v^llbore 
casing further includes applying an axial foroa to the expansion cone. In a preferred 

5 embodiment, ttie inside diameter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded secorKj v;;ellbore caslr^. 

A method of forming a tubular structure in a subterranean form^n havir^ a 
preexisting tubular member positioned in a borehole has also been desc^bed that 
includes instalUrtg a tubular liner, an expansion cone, and a shoe in the borehole, 

10 radially expanding at least a portion of the shoe by injecting a fluidic material into the 
shoe, and radially expanding at least a portlton of the tubular liner by InjecQr^ a fluidic 
material into the borehole below the expansion cone. In a preferred embodiment, the 
method further indaides radially expanding the expansion cone. In a preferred 
embodiment^ the method further Indudes louring the expansion cone into the radially 

15 expanded portion of the stee, and radiaily esxpanding the expansion cone. In a 

preferred enmlbodlmant. the ntsthod further irtdudes radial^ expandbtg at least a portion 
of the shoe arid the tubular liner by injecting a fluidic matertel into the borehoie below 
ths radially expanded expansion cone. In a preferred embodiment, the method further 
includes injecting a hardenable fluidic sealing mafertal into an annulus betv^feen the 

20 tubular liner end the borehole. In a prefemsd embodiment, the method further includes 
radially expanding at least a portion of the preexisting tubular member. In a preferred 
enrtbodiment, the method further includes overlapping a portion of the radially 
expanded tubular liner with a portcon dS the preexisting tubular nr^mbsr. In a preferred 
einn^irnent, the inside diameter of the radially expanded tubular liner is substantially 

25 equal to the inside diamot^r of a nonoverlapping portion of the prsexisting tubuDar 
member. In a preferred embodiment, the mi(^hod further Includes applying an axial 
force to the expansion cone. In a preferred embodiment, the inside diameter of the 
radially expanded shoe is greater than or equal to the inside diameter of the radially 
expanded tubular liner. 
. 30 An apparatus for forming a tubutar sArudure in a subterranean formation having 

a preexisting tubular member posltbned In si borehoie has also been described that 
includes means fer instainr^ a tubular liner, an exparision cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion o^ the tubular liner. In a prefened embodiment, the 

35 apparatus further indudes rnear»^ In a 

praferred emibodinrtent. the apparatus further includes means for k^r^ the 
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expansion cone into the radially expanded portton of ttie shoe, and means for radially 
expanding the expansion oone. In a preferred embodiment, the ap[»ratus further 
includes means for injecfing a fluidic materlat into the liKXTehole below the radially 
expand<^ expansion cone. In a pirsferred embodiment, the apparatus further includes . 

5 means for injeding a hardenable fluidic sealing nr^terial into an annulus betv^Feen the 
tubuteur \lmr and the borehole. In a pr^rred embodiment, the apparatus further 
includes means for radially expanding at bast a portion of the preexisting tubular 
member. In a preferred embodiment, the apparatus further includes nrDeans for 
overlapping a portlSon of tha radiaily expanded tubular liner yM^ a portion of the 

10 pTtsexistIng tubular member. In a preferred embodiment, the onside diameter of the 
radially expanded tubular ilner is substantially equal to the inside diamieter of a 
Ronovertappirtg portbn of the pr^xisting tubular member. In a preferred embodiment, 
the apparatus further indludes means for applying an axiall force to the expansion cone. 
In a proferTed embodiment, the IrtsUe diameter of the radialty expanded shoe is greater 

IS thanorequal totl^tein^dtameteroftheradliall^expartded tu 

An apparatus for fbmntng a tubular structure )s^\n a subteirranean fbrnnation 
including a preexisting tubular member positioned in a bortehd® has also been 
described that Includes a tubular liner and means for radtally expanding and ooupiing 
the tubular liner to an overlapping portbn of the preexistiing tubular member. The 

20 Inside diameter of the radlaify expanded tubular liner is substantially equal to the inside 
diameter of a non-overtepping portion of the preexisting tubular member. 

A tubular structure positioned In a borehole vi^ln a subterranean fbrrration has 
also been des(^bed that indludes a first tubular member and a second tubular merr^ 
coupled to and overlappiing the first tubular inrtember. wherein the second tutHJiar 

25 meonber is coupled to the first tubuHar member by the process of: ir^stallirig the second 
tubular member, an expansion corns, and a shoe In the borehole, radially expanding at 
least a portion of the shoe by inj^ng a fluidic material Into the shoe, ®nd radially 
ex^nding at least a portion of the.sea>nd tubuteir mernber by ioijecting a fluidic mateslai ■ 
Into the borehole belo^ the expansion cone. On a preferred embodiment, the process 

30 for fcntning the tubular stmctixTe further indudes radSslliy extpandin^ the expansion cone. 
In a preferred embodiment, the proosss tor forming the tubular etructure fusrther 
includes k»ftfering the expansbn oone into the radially expanded portion of the shoe, 
and radially expanding the expansion cone. In a pneifierved embodiment. Vte process 
for fbrrvAng the tubular strudurs further Includes radially mpanding at least a portion of 

35 the dm® and the second tubidar member by injecting a fluidic nnaterial into the 

borahole betaw the radially expanded expanston oorte. In a pT^rflerratd embodeonent, the 
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process for fomiing the tubular structure further includes injecting a hardenat>le fluidic 
sealing niaterial Into an annulus between the second tubular member and tt» borehole. 
In a preferred embodiment, the proosss for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular niember. In a preferred 

5 embodiment, the process for forming the tubular stmdure further includes overlapping 
a portion of the radially expanded second tubular member with a portion cS the first 
tubular member. In a preferred embodiment, the Inside diameter of the radially 
expanded second tubular rnemb^^ is substantially equal to the InsMe diamster of a 
nonovertapping portion of the first tubular member. In a prefened embodiment, the 

1 0 process for fbnming tlie tubular stmcturs further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member; 

Although illustrative embodiments of the invention have been shown and 

1 5 described, a wide range of nxxlificatim, changes and substitution is contemplated in 
the foregoing disdoeure. In some instances, some features of the prssent invenflon 
may be employed without a oonesponding use of the other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention* 
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CLAIMS 

1. A shoe, oomprising: 

an upper annular portion; 

an intenrnediate annular portion coupled to the upper annular portion; and 
5 a lower annular portion coupled to the intemrtediate portion; 

wherein the intennediate annular portion has an outer drcunnference that is 
larger than the outer drcuniferenoes of the upper and lower annular portions. 

2. The shoe of dalm 1 , wherein the lower annular portion indudes a valveable fluid 
10 passage for oontrolling the flow of fluidic materials out of the shoe. 

3. The shoe of daim 1 . wherein the intetmediate portion indudes: 
one or more inward folds. 

15 4. The shoe of daim 1, wherein the intermediate portion indudes: 
one or more corrugations. 

5. A shoe, comprising: 

an upper annular portion; 
20 an intemiedlate annular portion coupled to the upper armular portion induding 

one or more inward folds; and 

a lower annular portion ooupled lo the intenrnediate portion induding a 
valveable fluid passage for contrdling the flow of fluidic materials out of the shoe; 
wherein the intenrnediate annular portion has an outer drcuniferenoe that is 
25 larger than the outer drcunrrferencies of the upper and lower annular portions. 
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Claims 

1 . An apparatus for forming a wellbore casing in a borehole located in a 
subterranean formation induding a preexisting wellbore casing, comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support member including a second fluid 

psesage fluididy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of daim 1, wherein the expansion cone is expandable. 

3. The apparatus of daim 1, wherein the expandatrie shoe indudes a valveaUe fluid 
passage fcH* controibig the flow of fliAlic malmils out of the expandable shoe. 

15 

4. The apparatus of daim 1, wherein the expandable shoe Indudes: 
an expandable portion; md 

a remaining portion oo(4)led to the expandable portton; 
wherein the outer drcumference of the expandable portion is greater than the 
20 outer drcumference of the remaining portion. 

5. The apparatus of daim 4, wherein the expandable portion includes: 
one or nxxe inward folds. 

25 6. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more corrugations. 

7. The apparatus of daim 1 , wherein the expandatile shoe indudes: 
one or more inward folds. 

30 

6. The apparatus of daim 1 , wherein the expandable shoe Indudes: 
one or mora oorrugations. 
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A shoe, comprteing: 
an upper annular portion; 

an Intannediate annular portion coupled to the upiper annular portion; and 
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a low^r annular portion coupled to the intennediate portion; 

wherein the Intermediate annular portion has an outer drcurnference that b. 

larger than the outer drcuntferenoes of the upper and tovver annular 

portions. 

5 

1 0. The shoe of daim 9. wherein the lower annular portion includes a vaiveable fluid 
passage for controlling the flow of fluidic materials out of the shoe. 

1 1 . The shoe of daim 9, wherein the intermediate portion indudes: 
10 one or more Inward folds. 

12. The shoe of daim 9, wherein the intermediate portion Indudes: 
one or nrK>re conugations. 

15 13. A method of forming a welltiore casing in a sutrterranean fonnatton having a 
preexisting wellbore ca^ng po^oned In a borehole, comprising: 

instalHng a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by Injecting a fluidic material 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by injecting a fluMic 

material Into the borehole below the expansion cone. 

14. The method of daim 13. further comprising: 
radislly expancflng the ^cpansion cone. 

25 

1 5. The method of daim 1 3, further comprising: 

Idw^ng the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method of daim 1 5. further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by ir^ecting 
a fluidic material Into the borehole below the radially expanded 
expansion cone. 
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The method of daim 13. further comprising: 
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injecting a hardenable fluidic sealing material into an annulus t)etween the 
tubular liner and the borehole. 

18. . Themethodof claim 13, further comprising: 

5 radially expandirig at least a portion of the preexisting wettxro casing. 

19. The method of daim 1 8, further comprising: 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting welfloore casing. 

10 

20. The method of daim 1 9, wherein the inside diameter cX the radially expanded 
tubular liner Is substantiaity equal to or greater than the inside diameter of a 
nonoverlapping portion of the preexisting wellbpre casing. 

15 21. The method of daim 18, further oomprteing: 
applying an axial force to the expansion cone. 

22. The method of daim 1 3, wherein the inside diameter of the radially expanded 
shoe is grsater than or substantially equal to the inside diameter of the radially 

20 expanded tubular liner. 

23. An appwatus for fbnming a wellbore casing in a subterranean fcmnation having a 
preexisting wellbore casing positioned In a borehole, comprising: 

means for installing a tubular Hner, an expansion cone, and a shoe In the 
25 borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic material into the borehole below the expansion cone. 

30 , 

24. The apparatus of daim 23, further comprising: 
meara for radially expanding the expansion cone. 

25. The apparatus of daim 23, further comprising: 

35 means for lowering the expansion cone Into the radially expanded portion of the 

shoe; and 
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means for radially expanding the expansion cone. 
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26. The apparatus of dalm 25, further comprising: 

means for injecting a fluidic nrmterial into the t>orehole below the radially 
expanded expansion cone. 

27. The apparatus of daim 23, further comprising: 

means for injectir^ a hardenable fluidic sealing material into an annulus 
t)etween the tubular liner and the borehole. 

28. The apparatus of dalm 23, further comprising: 

means for radially expanding at least a portion of the preexisting wellbore 
casing. 



15 29. The apparatus of daim 28, further comprising: 

means for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexisting wellbore casing. 

30. The apparatus of dabn 29, wherein the inside diameter of the radially expanded 
20 tubular liner is substantially equal to file inside diameter of a nonovertapping portion of 

the preexisting wellborB casing. 

31. The apparatus of cUm 28, further comprising: 
means for applying an axial force to the expansion cone. 

25 

32. The apparatus of claim 23, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the Inside diameter of the radially 
expanded tubular liner. 

30 33. An apparatus for forming a wellbore casing within a subtenanean fonmation 
induding a preiaxisting wellbore casing positioned in a borehole, comprising: 
a tubular iher; and 

means for radially expanding and coupling the tubular liner to an overiapping. 
portion of the preexisting wellbore casing; 
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wher^ the inside diameter of the radially wpan6Bd tubular Bner is 

8ut)stantially equal to the inside diameter of a non-overlap(4ng portion of 
the preexisting wellbore casing. 

5 34. A weiibore casing positioned in a borehole within a subterranean fbmnation, 
comprising: 

a first welibore casing; and 

a second welibore casing coupled to arid overlapping with the first wellbore 
casing; 

10 wherein the second wellbore casing is coupled to the first welibore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
15 material into the shoe; and 

radiaHy ex|)anding at least a portion of the second wellbore casing by 
Injecting a fluidic material into the borehole below the expansion 
cone. 

The wellbore casing of daim 34. wherein the process further comprises: 
radially expanding the mpansion cone. 

The wellbore casing of daim 34, wherein the process further comprises: 
lowering the expanston cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

The weflbore casing of daim 36, wherein the process further comprises: 
radially expfi^ing at least a portion of the shoe and the second wellbore casing 
by injecting a fluidic material into the borshola below the radially 
expanded expandon cone. 

The weltt)ore casing of daim 34, wherein the process further comprises: 
injecting a hardenable fluidic sealirig material Into an annulus between the 
second wellbore casing and the borehde. 

The weHbore cadng of daim 34. wterein the process further comprises: 
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36. 

25 
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38. 
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39. 
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radially expanding at least a portion of the first wellborei casing. 

40. The weilbore casing of daim 39, wherein the process further comprises: 

overlapping a portion of the radially expanded second vifellbore casing with a 
5 portion of the first welibore casing. 

41 . The welibore casing of daim 40, wherein the inside diameter of the radially 
expanded second welibore casing is substantially equal to the inside diameter of a 
nonovertapping portion of the first welibore casing. 

10 

42. The welibore casing of daim 39» wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The welibore casing of daim 34, wherein the inside diameter of the radially 
15 expanded shoe is greater than or substantially equal to the inside diameter of the 

radially expanded second welibore casing. 

44. A method of forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

20 installing a tubular liner, an expansion cone, and a shoe in 0ie borehole; 

radially expanding at least a portion of the shoe injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

25 

45. The method of daim 44, further comprising: 
radially expanding the expansion cone. 



46. The method of daim 44, further comprising: 

30 lowering the expansion pone into the radfedly expanded portion of ttie shoe; and 

radially expanding the expansion cone. 

47. The method of daim 46, further oomprteing: 

radially expanding at least a portion of the shoe and ttie tubular yner tyy injecting 
35 a fluidic material into the borehole below the radially expanded 

expansion cone. 
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The method of claim 44, further comprising: 

injecting a hardenable fluidic sealing material into an annulus betmen the 
tubular liner and the borehole. 

The method of daim 44, further comprising: 
radially expanding at least a portion of the preexisting tubular member. 

The method of daim 49, further comprising: 
overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interiace and a 
fluidic seal. 

51 . The method of dabn 50, wherein the Inside diameter of Vhe radially expanded 
15 tubular liner is sut^stantiaHy equsd to the biside diameter of a nonoveriapping portion of 

the preexisting tubular member. 

52. The method of daim 48, further comprising: 
applying an axtal force to the expansion cone. 

20 

53. The method of daim 44, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for fbnming a tubular structure in a subterranean fcNrmation having a 
preexisting tubular member positioned in a borehcde, comprising: 

means for Installing a tubularllner, an expansion cone, and a shoe In the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubularllner, 

55. The apparatus of daim 54, fiffther comprising: 
means for radially expanding the expansion cone. 



48. 



5 

49. 



50. 

10 



35 56. The apparatus of daim 54, further comprising: 
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means for lowering the expansion cone Into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparatus of claim 56, further comprisir^: 

means for rrijecting a fluidic material into the borehole below the radially 
expanded expansion cone. * 

58. The apparatus of daim 54, further comprising: 

10 means for Injecting a hardenable fluidic sealing material into an annulus 

between the tubular Hner and the borehole. 

59. The apparatus of daim 54, further comprising: 

nneans for radially expanding at least a portion of the praexisting tubular 
15 member. 

60. The apparatus of daim S/d, further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 

20 interface and a fluidic saGil. 

61. The apparatus of daim 60, wherein the Inside diameter of the radially expanded 
tubular liner is substantially equal to the msMe diameter of a nonoveriapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59. further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54, wherein the inside diameter of the radially expanded 
30 shoe Is greater ttan or substantially equal to the inside dianietero^ 

expanded tubular liner. 
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64. An apparatus for fonning a tubular stnicture within a subterranean fonnation 
induding a preexisting tubular member posittoned in a borehole, comprising: 
a tubular liner; and . 
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means for radially e)q9anding and coupling the tubular Dner to an overlapping 

portion of the preexisting tubular member, 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a norvovertapping portion of 

the preexisting tubular member. 

65. A tubular structure positioned in a borehole wItMn a subterranean fbrmatto 
comprisirig: 

a first tubular member, aid 

a second tubular member coupled to and overlapping with the first tubular 
member; 

wherein the second tadNilarmember is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
thebor^e; 

radially expanding at least a portion of the shoe by ir^eding a fluidic 
material into the siMe; and 

radially expanding at ieast a portion of the second tubular member by 
iriieeiing a fluidic material into the borehole below the expansion 
cone. 

66. The tubular structure of daim 65, wherein the process further comprises: 

radially expanding the expansion cone. 

67. The tubular structure of daim 65, wherein tto process further comprises: 

lower^g the expansion cone into the radially expanded portion of the shoe; and 
radlaHy expanding the expansion cone. 

68. The tubular structure of daim 67, wherein the process further comprises: 

radtelly expanding at least a portion of the shoe and the second tubular member 
by ir\|ecting a fluidic materiai into the borshole below the ladlally 
expanded expansion cone. 



69. 



The tubular stnicture of daim 65, wherein the process further comprises: 
irijecting a hardenable fluidic sealing material into an annulus betMsen the 
second tubular member and the borehole. 
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70. The tubular stmcture of daim 65. wherein the process further comprises: 
radialty expanding at least a portion of the first tubular memtier. 

5 71. The tubular structure of daim 70, wherein the process further comprises: 

overiapping a portion of the radially expanded second tui>ular member with a 
portion of the first tubular member. 

72. The tutHJiar stmcture of daim 71 , wherein the inside diameter of the radially 
10 expanded second tubular member is substantially equal to the inside diameter of a 

nonoveriapping portion of the first tubular member. 

73. The tubular structure of daim 70, wherein the process further comprises: 

applying an axicri force to the expansion cone. 

15 

74. The tubular stmcture of daim 65. wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for fomning a wellbore casing in a borehole located in a 
subterrartean formation induding a preexisting wellbore casing, comprising: 
a support member induding a first fluid passage; 
an expandable expansion cone coupled to the support member induding a 
second fluid passage fluMidy coupled to the firet fluid passage;' 
25 an expandable tubular bier movably coupled to the expansion cone; and 

an expandable shoe coupled to the expandable tubular liner comprising: 

a valveabie fluid passage for controlling the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or more inward folds; and 
30 a rMnainIng portion coi4)ied to the expandable portion; 

wherein the outer drcumlerence of the expandable portion is greater 
than the outer drcumference of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion couplecl to the upper annular portion induding 

one or nriore inward folds; and 
a lower annular portion coupled to the tntenmediate portion including a 

vatveabte fluid passage for oontrdling the flow of fluidlc materials out of 
5 the shoe; 

wherein the intennediate annular portion has an outer ctrcunrference that is 

larger than the outer circumferences of the upper and lower annular 

portions. 

10 77. A method of forming a wein>ore casing in a subteoanean fbmnation having a 
preexisting wellbore casing posittoned Ini a txrahole. comprising: 

instalHng a tubular Bner. an expansion cone, and a shoe in the borehde^ 
radially expanding at least a portion of the shoe by injecting a fliddic material 
into the shoe; 

IS lowering the expansion cone into the radially eixpanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion cf the tubular liner by InlecUng a fluidlc 
material into the borehole below the expansion cone; and 

overfapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting welRx)re casing; 

wherein the inside dianieter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular linen and 

wherein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to or greater than the inside diameter of a nonovertapping 

portton of the preexisting wellbore casing. 

78. An apparatus for fomning a wellbore casing in a subtenanean formation having a 
preexisting wellbore cesing positioned In a borehole, comprising: 
30 rneans for installing a tubular Oner, an expansion a)ne, and a ehoe in t^ 

borehole; 

means for radially expanding at least a portion of the shoe by injecting a fiuidic 

material bfito the shoe; 
means for lowering the expansion cone into the radiaily expanded portion of the 
35 shoe; 

means for radlalhr expandng the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by injecting a 
fiuldic material into the borehole below the radially expanded expansion 
cone; 

means for radially expanding at least a portion of the preexisting weUbore 
5 casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting weltbore casing; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 
10 tubular liner, and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlappmg portion of 

the preexisting wellbore casing. 

15 79. A weliborB cning positibned in a borehole within a subtenanean fomiation, 
cofT^fNisingr 

a first weliborB casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

20 wherein the second wellbore casing is coupled to the first weUbore casing by 

the process of, 

installing the second weiiboiB casing, an expansion cone, and a shoe in 
the borehole; 

radially expandirig at least a portion of the shoe by irijecting a fiuidic 
25 material into the shoe; 

lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second welibore casing by 
30 injecting a fiuidic nraterial into the borehole below the radially 

expanded expansion cone; and 

overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first wellbore cesing; 
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wherain the inshle diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diameter of the radially 
expanded second w^llbore casing; and 

wheirein the Inscde dianneter of the radially expanded second wellbora 
casing is substantially equal to the inside dis^ter of a 
nonovevlapping portion of the first \»ellbore casing. 

80. A method of fomiing a tubular structure in a subterranean formation having a 
preexisting tubular member, positbned in a bcTehole, oc^nprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radiaHy expanding the expansion bone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the radially expanded expansion cone; 
and 

overlapping a portion of the radlQily expanded tubular liner with a portton of the 
prt3texistir^ tubular nnember to provide a load bearing interface and a 

flukSlic seal; 

whsrein the inside diameter of (the iradiaiiy expanded shoe is greater than or 

substantiaily equal to the inside diameter of the radiaDy expanded 

tubular liner, artd 
vi/herein the inside diarrteter of the (radially expanded tubular liner lis 

substsintially €^ual to the inside diameter of a nonovertapping portbn of 

the pTtsexisting tubular member. 

81. An apparatus for forming a tubular struotuire in a subterranean fbrmation having a 
preexteting tubular member positioned in a borehole, comprBSing: 

nrteans for installing a tubular liner, an expansion oone, and a shoe in the 
bomhole; 

means for radially expanding at least a portion of the shoe; 
rrteans for louring the expansion cone Into the radially expanded portion of the 
shoe; 

means for mdialiy expanding the <sxpahston oone; 

means for radially expanding at least a portion of the tubular liner; and 
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means for overlapping a portion of the radiaily expanded tubular liner with a 

porVksn of the preexisting tutHilar member to provide a load bearing 

interTace and a fluldtc seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substarrtially equal to the inside diameter of the radialiy expanded 

tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubidar member. 

82. A tubular structure posittoned in a borehole within a subterranean fomiation, 
comprising: 

a first tubular memben and 

a second tubular rnember coupled to and overlapping with the fir^^ 
memben 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

radialiy expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
lowering the expansion cone Into the radialiy expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radlaOy expaifKlIng at least a portion of the second tubular member by 

injecting a fluidic material into the borehole below the radiaily 

expanded expansion cone; and 
overiapping a portion of the radially expanded second tobular member 

with a portion of the first tubular member 
wherein the Inside diameter of the radially expanded shoe is greater 

than or substentiaHy equal to the inside diameter of the radiaily 

expanded second tubular member, and 
wherein the inside diameter of the radially expanded second tubuter 

member is substentially equal to the inside diameter of a 

nonoverlapping portion of the first tubular member. 
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